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monitor for alactroaurgical instrument 



(S7) Anirnpedar«emcn«©ring^^^ 
nwnoprtng tha electrical impedance of tissue as it « 
treated wth etectroeurgical energy. Based on a predicted 
modal of tissue impedance and a number of initial im- 
pedance reading*, the importance at which tissue treat- 
l is completed is predicted More particular* a min- 



imum impedance level is measured anda function of the site 
minimum impedance is used to determine irnpedance at 



which coagulation is completed. A control device i 
vidad lor bringing the output of the 1 

isad on a system load curve, in one 
lha im pada nca monitoring device is used 
in conjunction wen a bipolar electroeurgical instrument. 
Preferably, the instrument i 
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Description 

rigid at the Invention 

This invention relates to electrosurgical tissue treat- 
ment, and in particular, to a method and apparatus tor 
controffing the elect rosurotcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
electros urgical device 

i 

Background of the invention 

ElectroeurgicaJ generators are used to deliver ther- 
apeutic electrical energy to surgcaf instruments. These 
instruments are used for example, for culling, coaouta- 
t>on. tissue welding, ablation, and dissection. Both mo- 
nopoiar and bipolar generators typically supply electro- 
surgcaJ energy m the radio frequency <RF) range to such 
instruments Usually such generators include controls 
that regulate the voltage anchor current so tfiat a select 
power level it a pproximately delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the pnmery 
control is the experience of the surgeon who r e sp ond s 
to^^«ob«^«tobeh*pc^n<f>gto«>et»*o«A«<» 
treated wah the RF enemy. Often, particularly for endo- 
scopic procedure*, surgeons cannot readey see what is 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy ie applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as t>e tissue impe da nce changes. For e xam ple, 
current has been controlled based on the change in the 
voltage or tie power delivered by the generator to tissue. 
The differential quotient of tissue impedance as RF pow- 
er Is applied to me tissue has been used to determine 
an initial power level and to switch off RF p o wer when 
the differential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need tor improvement in the control of 
etectfosurgfcal energy deliverance to the tissue enoVbr 
deterrrmaiion of v*>en tissue treatment has reached an 
optimal level. 

In particular there is a need to provide e device end 
method for determining the end point of coagulation lor 
a variety or a range of tissue irnpedance. due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas anchor volumes. 

The present invention relates to a device and meth- 
od of the type described si EP-A-O 640 317. 



Summary of the Invention 

The present mention provides an irnpedance mon- 
itoring device and/or method which monitors the imped- 

5 ance of tissue between poles of a therapeutic elecuoeur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosuroicaJ energy, the monitored tissue impedance 
is used to determine tissue status. This wit be described 

10 in mora detail below. A signal Indicating status of tissue 
is provided ether to a user or to an irxrtnjrrxxit controier 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment is 
completed. 

'5 in accordance with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue irnpedance as electrical energy is de- 
livered to tissue. AccorcSng to known tissue enpedance 
models, tissue snpedance WtaaV drops as olecirc al on- 

20 orgy us applied and then begins to rite again as coagu- 
lation occurs The present invention provides tor eetab- 
lishing a value for the minimum impedance, ie.. when 
the impedance is at Us l owes t value as the energy is op- 
plied The*, the mpedance^vaftje anticipated to provide 

*s the desire^ tissue effect is c^rmiried by calculating a 
selected function of the e stablish e d minimum rrped- 
ance. When the measured impedance risee to the level 
of the impedance value for the desired resuk. e.g.. co- 
agulation, tissue wo trJn g or a level of diathermy, the in- 

-» strum ent wit indicate or provide a response for such 
event. The present invention Is preferably adapted so 
that the condition is detected for a range of expected tis- 
sue impedances which varies according to tissue type, 
area encVor volume. 

3S In a preferred embodiment the desired ttssus condi- 
tion is where coaptation Is completed. When this point 
has been reached a f ee UU e i k slpnsi is provided to a con- 
trof unit or to the user, at which time the energy euppty 
is switched off. The feedback signal may. for example. 

40 provide a visual, audtole or tactile signal to a user. anoYor 
may provide instructions to a control unttoautornatcaty 
turn of energy s upplied to the tissue. 

Optionally, the device may ateo include a switch, 
adapted to turn ot electrical energy when a short circuit 

45 condition is detected, when an open circus condition is 
detected or when the device is on. i.e.. supplying current 
or votage for a preset rnaxxnum amount of time. 

In accordance wth one aspect of the present inven- 
tion, an elect r os urgical apparatus for coagulating tissue 

so during a surgical procedure compri se s an end effector 
with opposing interfactng surfaces vrtveh may be ctoeed 
towards each other to engage tissue to be electros urgj- 
caVy treated. Preferably the end effector includes first 
and second ele m en ts movable relative to one another 
tor engaging tissue to be coagulated therebetween. Al 
least one of the electrical poles of the instrument is com- 
prised of an «ltctrods associated wth at least one of the 

Bret «nd taeotd mtmmmntm. TK* —eatr e s s *» c u i Haot 
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with the tissue to be coagulated. A power control tor re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting electrodes) of the first and/Or 



Impeoance measuring circuitry is coupled to the RF 
generator output and measures the tmpedance ol the tis- 
sue between electrodes corresponding to the first and 
second poles Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor determining a minimum imped- 
ance value end holding sari minimum vnpedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held minimum impedance vafcie. 

The threshold determining circuit may comprise an 
analog device lor determining the function of minimum 
' impeoance or a digital circuit including, tor example, a 
look up table lor determining the threshold impedance 
value based on an input minimum impedance vakie. 

Alter a threshold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy detvered to the tissue upon the condition of the 
measured wnpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical, 
switch for selectively supplying RF energy to the instru- 
ment tocoagutate tissue optioned between the lirst and 
second elements. 

The power controller may selectively switch oft the 
power suppled to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds fhe 
threshold impedance value, when an open circuit condi- 
tion or a short circuit condition exists, or H voltage and 
current is supplied for a period of time exceeding a max- 



on the distal end of the electrosurgcal devce so that 
whan me first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The rnpedance monitor- 
5 ing circuit monitors the impedance of the tissue between 
the electrodes durng the delivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold tmpedance is calcu- 
lated. A comparator compares the measured hnpedanca 
to values to the determined threshold impedance value and 
generates a control signal to switch off the RF power de- 
livered to the tissue, upon she condition of measured im- 
, value swcaedtog the aueehold impedance val- 



15 



Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator witun an optimal range determined by a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resulting comparison and controls the 
generator output accordingly. 

Although the instrument may be a rrxx^cpolar advice 
or a multipolar device nctoding two or more than two 
poles, the end effector preferably includes two eiectrieei- 
ty opposite electrodes corresponding to two electrically 



In one preferred embodiment each of thi 
corresponding to the first pole are offset with respect to 
the interfecing surface from each of the electrodes cor- 
responds* to the second pole. In other words, the elec- 
trodes are offset from each other so that they are not 
20 rfemetricasy opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on ihe same surface. 

In the preferred embodiment the eteetrosurgical in- 
svument compresses tissue in a compression zone be- 
2* tween the first interfacing Surface end the second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
= of the menacing surfaces whtoh cc*iipresses the tissue 
so against the other interfacing surface: AHematlveiy or in 
adoption, there may be a compmssnn riige on bc*h in- 
terfacing surfaces. 

One erhbodxnent includes a cutting element asso- 
ciated with an end effector. The cutting element is ar- 
ris ranged to cut tissue at or near co agula t ion site. Pref- 
erably, the cctagulation is completed prior to any me- 
chanical or other cutting at or around the coegutation 
eke. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through tie coagulated tis- 
ao sue or between two zones ol tissue coagulation 

In another emboxfchent ihe hemostatic o^vice is in- 
corporated into a linear cutter similar to a linear cutting 
mechanical stapler. In this erTXXxfiment the hemostatic 
device comprises two subetars^ parallel and atongat^ 
45 ed electrode bars which are associated with one pole, 
and a slot tor cutting means to travel between the bars. 
Optionally one or more rows of staples may provide on 
each side of the slot and bare to provide edtftionet he- 



50 



in the preferred bipolar device, etectrtcally opposite 
electrodes of each of the poles are located on one or 
bosh of the opposing surfaces. Each of the first and sec- 
ond electncatty opposke poles comprises at least one tts- 
sim contacting staetroo*. T>» atsctroda* ars «rraoo*d 



In operation, tissue is damped between two jaws of 
tn« instrument, end electrical energy in the form erf radio 
frequency (W*) ""TO is euppeed to the ccmpressed 
tissue to coagulate or cauterize blood vessels etong the 
two substantially pareiel bars. Based on ihe irrpedance 
ss modeling of the device with this epeefle electrode con- 
ligunstion. an appropriate function of the rr**num «n- 
padence is incorporated **to the irnpedarK e .fee< feacfc 

circuit lo Smtmnrmn* an > " " " " *~ " 
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{•vol A warning mechanism is used to warn me user 
when me impedence is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power converter adapt- 
ed to men provide an appropriate ristrument response, 
inducing where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another aspect of me present in- 
vention a method of operating apparatus for olectrosur- 
gicAify treating tissue during surgical procecXjre is pro- 
vided. Accordingly, a preferred method comprises me 
steps ot applying RF energy to tissue to be etectrosur- 
gicaty treated by means of an electrosurgical instru- 
ment; measuring the mipedancs of the tissue between 
electrodes corresponding to two poles of the electrosur- 
gjcaJ instrument; generating the irnpectance signal rep- 
resentative of the impedance or the tissue; and control- 
ling the RF energy applied to the electrosurgical instru- 
ment in response to the impedance signet 

The step of comroetng me RF energy applied to me 
electrosurgical instrument may comprise the steps of: 
determining and hololng minknum rnpedanee value: de- 
t srrmnng a threshold xnpedence value based on a func- 
tion of the mfwnum impedance value : comparing meas- 
ured impedance values to the threshold impedance val- 
ue; arid generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding me threshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus for coagulating tissue during surgical procedure 
comprises the steps of. providing an electrosurgical in- 
•trument having en end effector comprising ttW frst and 
second tissue engaging surfaces, at least one of said first 
and second tissue engaging surfaces including thereon 
a tissue contacting s Ucti ode. associatad witfi e first cola 
of an electrosurgical system arid at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of trie system; engaging tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selective ^controlling RF energy suppsed to me 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween; measuring the im- 
pedance of the treated tissue: determining and holding 
a rrsnimum impedance value: determining a threshold 
impedance value based on a function of the rrwwnum 
impedance value; comparing measured impedance vat- : 
ues to the threshold impedance value: and controlsng or 
switching off the RF energy connected to me first end 
second electrodes upon the condition of the measured 
impedBnce value exceeding the threshold impedance 
value. 

Other objects and acVantages of the invention wit 
apparent from me foSowvig description, the accompany- 
ing drawings and the foeowng ctasns • 



Brief Description of the Drawings 

Fig. 1 is a side view of a bipolar endoscopic electro- 
surgeal instrument operable in accordance with the 
5 present invention; 

Fig. 2 is a partial cross -sectional view of me distal 
end of the mtrument of Fig. 1 in an open position; 

I* Fig. 3 is a partial cross -sectional view of the distal 
end of the instrument in Fig. t in a dosed, unftred 
position; 

Rg. 4 is a partial cross sectional view of the cftstai 
rs end of the sist r umont in a dosed, fired position; 

Fig. 5 is a Iront cross sectional view of the bistalend 
bftrttihstnjrnentoJFig. t along the she 5-5; 

20 Figs. 6-9 represent a schematic block diegram ot a 
microprocessor corttroaed irnpedance monitoring 
apparatus tor controling me RF energy delivered by 
sleet rosurgcal »>strument of Figure 1 i u ' 

25 Fig. 10 is a schematic block olagram ot an analog 
embodiment of the controsor tor use xv the appara- 
tus of Figure l; t * 

Fig. 11 Is a logic diagram of ihe comroler of Fig 10 
90 jih^ratirtgcortrorb^fb^ 

Fig. 12 is a characteristic curve illustrating me 
change in irnpedance over time during application 
of electrosurgical energy to tissue using the electro- 
ns surgical ratrument «uetrated in Figure 1. 

Peteped fWsrtotfcm of the invention 

Whtie the present invention ia generally applicable 
40 to a variety of sl s t a ca urgical instruments bom rnonopo- 
tar and murtpolar, end berth cc*iventx*ial arw* encksscop- 
ic. H will be described herein with reference to a bipolar 
linear cutting instrument 

The primary purpose of lie impedance monitorin g 
45 device * to determine whan the tissue has been treated 
toadesxeddegree Preferably this treatment is complet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or charring occurs. The 
irnpedance of tissue as it is being heated wisi eiectro- 
fo surg^erter^gerterallyfbllD^^ 

X^»edencs curve. According to the impedence curve. 
ger*era*y me impedance wtt 

mum value, and then rise as coagufcMonaridtissue des- 
iccation occurs. At an imueuance or within a range of 
55 rnpedances on a characterntic curve, coagulation will 
predictably occur. 

Figure 12 is a characteristic im pedan ce curve iHus- 
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the application of etectrosurgical energy using the elec- 
trosurgical instrument illustrated in Figs. 1-5. The 
present invention determine* a threshold impedance on 
the curve at which coagulation has occurred. 2^,,, 46. 
This impedance ts based on the value of the lowest im- 
pedance on the curve. Z^ 45. i.e . when the impedance 
has slopped tailing and begins to nse. A function of the 
impedance f(Z^J b used to approximately 
precect a point at which coagulation occurs. 

Referring now to Fig. 10 there is iliustf ated a sche- 
matic block diagram of en analog embodiment of the m- 
pedance moniiorir>g device of the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wel as other instrument parame- 
ters, lor example, if there is an open circuit, short circuit 
or if vottags and current is supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or riappropnate tissue is en- 
gaged by the instrument. 

The instrument to is positioned to engage tissue to 
be treated. Then, when appropriately positioned, RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10. Prel - 
erabry. 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform at a frequency of 
about 300 Khz to 3 Mhz is supplied wrth a current of about 
0. 1 to 4 0 amps. The generator 70 is turned on by a user 
operated switch 42 The user, operated switch 42 pro- 
vides a signal to the oontroter 79 to turn on the energy. 
The output t29of the controller is coupled to an analog 
switch 1 30. When output 1 29 provides an *RF on* signal 
to the switch. 1 30, an osctsator 72 coupled to an analog 
multiplier 75 through the switch 130. supplies a votage 
of a known frequency to toe analog mutineer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF emptier 71. 
An amplified RF. signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current ( 1 RMS *) end an RMS volt- 
age (*Vrms~) is determined. 

A voltage and current sensor 61 senses the current 
and votage delivered to Vie tissue. The voltage and cur- 
rent sensor 81 includes a low impedance current trans- 
former 82 in series w4h the generator 70; and a high' 
impedance voltage transformer 83 connected in paraBel 
across the generator 70. Preferably the current trans- 
former 82 has. lor example, a i:20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer. Preferably the votage transformer 83 has. 
for example, a 20:1 winning ratio and a IK ohm resistor 
in pareJef with the secondary of the transformer. 

The output of the current transformer 82 is counted 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms- The output of the votage trans- 
former 83 b coupled to an RMS converter 85. The RMS 

s converter 85 converts the voltage signal into en DC sig- 
nal and provide output 87, representative of V RMS . 

The measured impe da n ce . Z. is then calculated 
from the measured and V RUS The outputs 67. B5 
of V RMS and Iftus are supplied to an analog divider 88 

re which divides the V^ms by the current Irms to provide 
an output signal 89 representative of the measured Im- 
pedance. Z. 

From the I***. and measured impedance. Z. 
the impedance monrtonng device determines whether a 

is ehort circuit or open circuit oond rti on exists, whether vott- 
age and current has been delivered for an amount of time 
exceeding a predetermsied maximum, and whether co- 
agulation is complete. 

A short circuit condrtion is determined by comparing 

20. the measured impedance. Z. to a predetermined ehort 
circuit impeda nc e threshold at or below which short cir- 
cuit is Mcey to exist (*Z SC # ). If the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2S The impedance signal 69 Is input to a shod ctrcux 
detector 90 comprised of a comparator. The posiuve in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^. When the 
impedance signal 89 causes the input at the negative 

30 input 94 of the comparator 91 lobe lower than that at the 
positive input 92. an "On* condition occurs at tie output 
95 of the comparator 91 : This condition is co t nm u nkatted 
to a logic contrcser 79 which provides a preprc^rammed 
instrument response, which, in this embodiment, in- 

js eludes turning off RF energy. 

An open eveufl condition exists if there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is determined as follows: If the V nMS is above a 
predetermined minimum threshold indicating a voltage, 

40 V^^h.arximelf^isbelowapreoeterrn^ 

current threshold indicating a current I***** then an 
open circuit signal is provided to a controller; 

A current threshold detector 106 Includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

45 tentiometor 107 sets the t^^* level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The laws signal 86 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the Imm is 
greater than the value. 1*^' set by the potentiometer 

so i07, a positive voltage appears at the output 110 of the 
current threshold detector 106. 

Similarly, a voltage threshold detector 113 inckides 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 eels the votage threshold at 
55 which the trxesrK^ detector 11 3 registers a pesitrve out- 
put. Vs»en • minimum votage is present. The 
v*ms **9 na1 » input to me posiuve input 116 of fee 

thracHoH dot actor 11 a Tho«. If 1t%» rn vr mm H rn #*• 
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VffwMh set b y tn * potentiometer 114. a positive voltage 
will appear at the output 1 1 7 or the voltage threshold de- 
tector 113. 

The output 117 of the voltage threshold detector 113 
is also coupled to an AND gate 111 and the output 1 tO 
ot the current threshold detector 106 a coupled to an in- 
verted input 1 1 2 of the AND gate ill. The AND gate 1 1 1 
acts as an open circuit detector When the V*us •*eeeds 
the V AMI and where the l^,, does not exceed 
a logic 1 will appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 ot the AND 
gate 1 11 is coupled to the controller 79 to communicate 
tne open circuit statue. 

If current or voftage is suppled an extended period 
of time and a coagulation complete condition has not 
been detected, it may indicate, tor example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred. If the V w-S b above the predetermined 
v tfmh or the lf*is is above l mr%#h . then a timer is turned 
on. I! the timer is on for a period of time greater than a 
predetermined maximum amount of ume. T^. then a 
tsne over signal a provided to the controller. If the dura- 
3 lion of the tsner on is not greater than T^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voftage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled to an OR gate 1 18 which is coupled to a timer 
121 If the l^is exceeds the 1*,^*. the output 110 of the 
current threshold detector 106 will present a logic 1 to 
the OR gate 118 which win then turn on the timer 121 

Simitar »y the output 1 1 7 of the voltage threshold de- 
factor 1 13 is coupled to the OR gate 118. If the V*,^ is 
exceeded by V*^. the OR gate 11 8 wilt present a logic 
1 at its output 11 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to the controller 79. When 
Che timer 121 has been activated for an amount of time 
that exceeds a preset threshold time. T^. the output 
123 wM be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 
122. when the instrument 10 is reset 

A coagulation complete condition is determined as 
foftows: First. Z^ is determined. Then, a target snped- 
ance at which coagulation is complete. Z^^. a calcu- 
lated as a function of the mnimum impedance. The initial 
impedance, 2^. Z tar##t . slope of the imped anc e curve, 
and time to complete may vary tor a given application 
ancVOr instrument, but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
andAx the actual desved result, the actual function of 
mnimum vnpedance may vary. In thts particular embod- 
iment HZ^tn) is linear; f<Z^,J = 0.22 ♦ 500 This function 
is bound, i.e.. wrfiere 7„ twt is > 560 ohms, then Z tmrgm% is 
Am* ♦ SO ohms. f(Z^) may be a drfferent function tt 
may be coot nuoui. non-contmuous. linear, non-frtear. a 
piecewise appronrnataon and/or in the form of a look-up 
table. HZ,^) may also be bound at different values 
The impedance signal 89 is used to determine bs&ue 



coagulation as follows: First, a determination is made 
whether the measured 2 is a minimum impedance. Z mm 
The wnpedance signal 69 is inverted and offset by a gam 
offset mvener 96. The output of the gain offset inverter 
* 96 is in turn is coupled to a pea* detector 97. The output 
T02 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). will now 
be the highest offset value of (-2 + k) encountered. 
The peak detector 97 thus detects and holds the 

10 highest value of the inverted andoftset measured imped- 
ance. Z. which is Z^. When Z^ has occurred, the out- 
put 103 of the peak detector 97 b repmsentative of ( Z^ 
♦ k) RF energy is continued to be applied to the tissue 
and the rnonioring for short circuit, open circuit and ume 

is over as well as looking for e Z^ continues until a Z is 
equal to Z^,. 

. WhenfheZ^ has been determmed, function of the 
*mm- (HZ***)) * calculated to provide a xT*>edanee, Z^. 
^ at which treatment (coagulation) Is completed The 

20 output lO^of the peak detector 97 is cc^ip led to a thresh- 
old determining circus 98 which calculates the function 
of Z^i, to determine the Z^^.^ The output 99 of the 
threshold determining circuit is representative of 
when the measured impedance is equal to 7 )|U> * 

* 5 A continuoua comparison is made between Z and f 
(Z^in) tt should be noted here that f(Z^ is continuously 
calculated as f (Z) unti a Z^ is detected. The compari- 
son is continuously made between Z and fjzjj unti ? mwjLm 
is determined. This does not have a significant conse- 

90' quence. however, because It is anticipated that f(Z) wtfl 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wel rret occur. 

rf measured Z bless than or equal to the Z^^then 
RF energy is continued to be suppled and steps de- 

& scrfced above are carried out until a eigrujf has been pro- 
vided to the c on tr ol l er <tat there is an open circuit signal, 
short cxcurt signal, a time over signal, or a coagulate 
complete signal. If the measured Z is greater than or Is 
•o^to'Z^^'thenasipTWlisprovk^tot^ 

*o thai coagulation has been completed. Again it> noted 
that in this embodiment Z has been im*erted and shifted 
in order to accommodate Z^ determination via the peak 
detector 97. The i m ped an ce values referred to in this 
paragraph are the actual impedance values 

** The output 99. Zt*,^ of the threshold determining 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 Of the gain offset 
inverter 86 is coupled to the negative input 104 of the 
com parat or 10O. The comparator tOO compares the -Z 

so ♦ k representative value which is input to toe negative 
nput 104 of the comparator 100. to the Z^^., represent- 
ative value whien is calculated ae e function of -Z^, ♦ k. 
if -Z k m less than or equal to the Z,^,^ the comparator 
output 106 win be positive. That is. rf the measured Z is 

ss greater than t(Z mm ), a coagulation complete signal will 
appear at the output 105 of the comparator 100. 
AsigrujirspjovicMtoaoortiroQ 

nvJaeatino «*««m*r c* «wl m q*+~* awwftien Mp— ~ 
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the existence of one or more of the** conditions the RF 
energy is automatically turned off by the controller. Fig. 
11 illustrate* the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24. a coagu- 
lation complete input 125. an open circuit input 126 and 
a tvne out input 127. as weH as a reset input 128. The 
controser 79 also include* a RF control output 1 29 which 
switches on and/or off the RF generator delivery of elec- 
trosurgica! energy to the tissue. A* long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcut 126 and the reset input 128. 
are all at a logic *0*. H any one or more of the Inputs 124. 
1 25. 1 26. 1 27. 128 are at a logK M" the RF control output 
1 29 is a logic "0* and the RF is turned otl. 

A preferred embedment* provides a control device 
which controls the generator energy output based on 
load impedance. The load mpedance is used lo deter- 
nune a preferred energy level, e.g.. voltage, current or 
power level, based on a specie system toad curve for a 
generator, instrument anoYor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output according to ttie difference be- 
tween the two, i.e.. preferably to rrwwntze the difference ; 
between the two. 

The specific load curve preferably .reflects the volt- 
age, current, power, for a range of impedance that win 
optimize performance of the instrument. The toad curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The load, curve may vary from 
generator to generator, tor a particular instrument in use 
with the generator, or for a particular etoctrosurgical ap- 
plication of the generator For example, in a one embod- 
iment using an instrument, such as described herein, 
three impedance ranges have been identified at which 
differs** energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. approximately 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range ot impedances, e.g., approximately 
1 00 to 500 ohms, requires enough p owe r to maintain tie 
coagulation process. A third range of higher impedances 
typically occurring towards completion of coagulation, 
e.g.. appro xi mately 500 ohms and above, requires the 
voltage be tmited to prevent sparking and tissue sticking. 
Thus the system toad curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and voltage output at which optimum power ts delivered 
for a particular vnpedance. as we* as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage signal 87 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes tne oeneretor 70 lo oroduce volt- 



ages within a desired range based on a toad impedance 
fit to a specie toad curve 

The impedance 89 ie fed to a function fitting device 
61. The output 64 of the t unction fitting device 61 repre- 

s sent* a desired voltage based on the input impedance 
89 This desired voltage function is the voltage required 
for the generator 70 lo produce a particular. pre-4eter- 
mmed toad curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

*o 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog muttipGer 75 through a diode 
77. 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting do- 
ve© which provides a desrred current power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated currant power or other energy 

2 o parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of osciaator 72 such that large 
error vottages at output 65 resui to large outputs from 

25 RF amplifier 71. And smal error voltages of output 65 
result to smaller RF output from RF amplifier 71 . Thus, 
generator 70 acts as a ctosed-toop servo system based 

on voltage such that a desired load curve is obtained. 

The loop compensation device 63 acts to stabilize the 

20 servo loop. If an electrical parameter other than votage 
is used, the form fitting function preferably outputs a **g- 
nal reflecting the difference to the ahernaWe energy pa- 
rameter. 

Referring now to Figures 6-9 a flow chart Mustratas 

35 a meehod for carrying out a microprocessor controlled 
embodiment of the present invention. When the system 
is turned on (btock 200). toe variables including Z^. 
W W- time over, and Zj***. are Initialized (btock 
201) The system continues to look for the activation of 

do the RF swtch (block 202) When toe RF switch «s turned 
on. the interrupts are set lor RF Switch (block 203). lor 
Short Circuit (block 204), and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 

ss associated wSh btock 234. _ 

After the interrupts are set. the timer is started (btock 
206). A sequence is run to check the RF amplifier health 
(btock 207). e.g.. to took for an Amplifier On signal or to 
check if certajn vottages are in a suitable range. It the 

SO ampffier is operating properly. RF energy is turned on 
(blocks 206 and 209). 

If the amplifier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (btock 211). The system looks for 

U a t^txtwaf teiuf* flag (block 233). When the hardware 
faeure is detected, she controller provides a hardware 
faeure alert indication and shuts off. (blocks 243 and 

2441 
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If hardware failure is not rxfccaied (block 233). man 
V m and l m w read (block 235) to daianntfia if any vott* 
a &0 or currant is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy m block 209 ts reached, there 
should be no current or votage. It there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware failure alert is indicated and the pro- 
gram is stopped ( brocks 243 and 244). 

if RF energy is turned on (block 209). then me V^. 
and 1^ are read and the impedance. Z. is calculated by 
divk*ng the V_ by the l^. (block 212). The controller 
checks to see if the V ftMMa and i anAt ^ flags are sat. 
(block 213). These flags are set when a mmwnum thresh- 
old vottage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V m ,to and 1^^. flags are set (213) the soft- 

♦ ware looks tor a lsne over condition to determine if the 
device has been on for a period of time in excess of a 
maxsnum. If a time over condition ts recognized. t>e tvn- 

* er flag ts set RF energy is tumad off (brocks 210 and 
21 9> and a hardware failure check is run (block 233). 

After looking for a time over condit i on, the controller 
checks; for a short circuit or open circuit condition. If a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit ie set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

." The controller cheeks again for V >nM>tl and 1^^ m 
block 222. before pr o cee din g to the threshold deterrrwn- 
ing portion of the circuS itustrated in Fig. 8. If the voltage 
or current old not exceed V^,^ or l^r,^ in blocks 214 
and 216. the controller i aretes the sequence beginnng 
at block 212 for detecting time over, short circuit, open 
circuit Le- the coagulation complete d e tect io n enabla 
This anables the device to wait until enough currant and 
vottage is detvered to the circuit to check for the coagu- 
lation complete co ndition" 

t "it the V >nrt)>< and l # ^ b4# flags are set. the short circuit 
and Open circuit brts are not set (brock 220). and the time 
over condition does not yet exist (block 219); the meas- 
ured impedance used to determine if coagulation ts com- 
plete as follows. 

The Z initial flag is set during the first iteration and 
Z^* is initially assigned the measured impedance value 
(blocks 223-225). Initialy. Z mim t% the same as the meas- 
ured rnpedance and thus block 227 is bypassed at block 
226. A calculation is made of f(Z«N*) (block 228). As long 
as the measured impedance is less than the HZ^*). *" 
sequence is iterated (229. 231). In the next iteration of 
brocks 223-231 . the newly measured impedance ts com- 
pared to the previous measured impedance which has 
been assigned 7 mJji (block 226). AS long as »%e vnped- 
erice n decreeeaig, wtt be reasetgned the new val- 
ue ottvj measured impedance (blocks 226and227)and 
the steps repeated. When the measured impedance is 

ore**** tfun or Mtttl to f <Z__V • a ihr — hoie mMd. 



ance. the coagulation complete flag ts set (block 230) If 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the rutial run through the program a hardware 

$ failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determmes the cause and indicates 
as such (blocks 233-242). The V m and U. ara read, 
(block 235) If no current or vottage is being delivered to 
the system, the controller checks to see V the open cir- 

10 curt, short circus or time over flags have been set (block 
237) H so then a signal rxfccatee wrvch flags have been 
set. end the program ae returned to atari (blocks 240. 
242). Similarly, the controler checks tor the coagulation 
complete flag (block 239V U there was the coagulation 

is complete flag has been set it will be indicated tor ten 
secc*xls(block241).rfrx*.«wffl^ 
plate (block 240) and the program will return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to cany out the steps of Figs 6*9 are 

90 adapted to provide a complete aeration of el the steps 
at least every 1/50 second. 

Relemng now to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscopic 

25 linear cutting and stapling instrument 1 0 is shown having 
a housing 16 coupled to e shaft 30 with a rumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30. The end effector 15 com- 
prises first and second el em en ts which are comprised of 

30 interiaong jaw members 32. 34. Jaw member 32 is mov- 
abfy secured to jaw member 34. The housing 1 ft has a 
clamping trigger 12 fc« ctossrtg jaw members 32. 34. Jaw 
members 32. 34 are shown In an undamped position in 
Fig. 2. in a clamped position prior to instrument firing in 

3$ Fig. 3. and in a damped positron after' instrument firing 
in Fig. 4. 

Jaw member 32 compri s es an anvil 18. U-shaped 
electrode 39 extencing along the length of the jaw 32. 
and a U-shaped insulating materiel 31 surrounding ths 
«o outside of the electrode 39. Jaw me m ber 32 has an inner 
surface 33 which faces an inner surface 35 ol jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically comrnunicating el e ctr o d e bars 27. 29 forming a 
first pole and located on and extendstg substantially 
+s along the length of the inner surface 33. The U-shaped 
electrode 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainlese steel. The bars 27. 29 
are separated by a knife channel 29 ex tending longeu- 
cfcnaJry through the midcSe of the electrode 39. Pockets 
so 36 faceted oh anvM 18 tor receiving staple ends are k> 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. Ths electrode bars 27. 28 and insutating 
material 31 form a ridge 56 extending out resjtrve to an 
anvil portion 37 of the inner eurface 33 (Fig. 5V Ths elec- 
ts uoOa 39 acts as a first pore of a bipota/ system Tne anvtl 
18 is formed of an etectricaly conductive material and 
acts as a second pole of *e bipolar system, electrically 

oOCMMMlothAiirtteAi* T>^ m~*A* lO tm — 
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tatad If cam the electrode* by the U- shaped insulating ma- 
31 



r energy may be supplied to the end effector 
15 from electrosurgicaJ generator 40 (fig. 10) ihrough 
wires 19. 20 extending mtolhe body l6of*>e instrument 
The generator 40 i* user cortfroeed by way of switch 42 
(Ag. 10). Wire 19 provides electrical current to the elec- 
trode 39 ihrough electrical contact means extendmg 
through shaft 30. Wtre 20 carries a current to the anvi 
18 and is coupled to the anvil 18 through an ele ct ri cal 
contact means extending through the shaft 30. The eiec- 
trice! circuit is closed when and only when the clamping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as weti as instrument actu- 
ation means are described in parent application S.N. 
08AD95.797, incorporated herein by reference. 

Jaw member 34 compri s es a cartridge channel 22 
and a cartridge 23 inserted into the cartridge c ha nnel 22. 
The cartridge 23 Include* at reck 2S tor wedge 1 3. a knife 
chanrtel 26 extandingrfto^^ 

of the cartridge 23. a senes of drivers 24 extending into 
the trade 25 arid staples 17 arranged In two sets of par- 
aMef double rows. When tissue is engaged between 
clamped jew members 32. 34. a firing trigger; 14 located 
on housing 16 may be actuated to advance a cutting el- 
ement 11 through the en ga ged tissue to cut the tissue. 
Simultaneously, when the firing trigger 14 is actuated; 
the wedge 1 3 is advanced through the track 25 causing 
the drivers to 24 to displace to w ar d s the staples 17. 
thereby drtatg the staples 17 through tissue and into an- 
vil pockeU 36. 

-In operation, the end effector 15 of t* instrument is 
located at a tissue site where tissue is to be treated. The 
Jaw rnembers 32. 34 are opened and tvsue is t>en 
placed between the rterfacing inner surfaces 35. 33 re- 
spectively of jaw members 32. 34. The damping trigger 
12 is squee zed to cause the jew member e 32. 34 todose 
to l oca te and compress tissue between- the interlacing 
inner surfaces 33, 3$. The closure of tie damortg trigger 
12 also closes the electrical circuit When tfte tissue has 
been app r opri a tely situated between the jaw members 
32. 34. a user may apply RF energy from the generator 
40 using a user activated switch 42. Current Rows 
through the compressed tissue be t wee n the electrode 
39. i.e.. the bars 27. 28. and the ami 18. 

After the RF energy is turned off, the controller vioV 
cates the instrument status, e.g.. open circuit, short or- 



ement 11 as the cutfcng element 11 cuts the tissue. 

The invenSon d es c ri bed and the specific details and 
the manner in which it may be carried out having been 
exemplified it will be readily apparent to those staled In 

5 the art that rmumeroble venations, nxxjtflcmtions. and 
extensions of the basic pnncipies invorvod may be made 
without departng I rom the spirit and scope of the present 
invention. The impedance feedback- system as de* 
scribed above is used to indicate when sufficient cauter- 

» o fcatton has occurred. When coag u ta t ton is complete, a 
signal may be provided by a controller to a user, or a 
commas* may auk3rTW*x*aytumoirthe RF energy. Om- 
" er signals may be provided to an instrument user as wel. 
For e xamp le a tone eoneeponding to the measured im- 

ts pedance may be provided to a user to audfcly monitor 
the change in im ped a n ce . 

ft is also inten de d that thie device end/or method be 
used weh numerous typeeof etec tr osurgjcai instruments 
nctudtng monopolar* bipolar arid multipolar configure* 

zo : pons, The im pe da nc e f eedb ack systammay be included 
in part or in whole with the actual instrument mm a sep- 
arate unit and/or with the energy source or generator. 



1. A control device comprising!- 

impedance measurement circuity adapted to 
be coupled to tissue-oontarting electrodee associ» 
M atad with a tissue treat ing portion of a surgical 
instrument and to an ener g y source adap t ed to sup* 
pfy therapeutic electroeurgical energy to said elec* 



ait energy contro l sirjnaJ adapted to contipl RF 

to J 



whsrein said impedance meesurement dr- 



cuflryiei 

to measure tie irnpedance of tissue engaged 
by said tissue-treats^ portion of said surgical instru- 



function of said minimum 



its indicated, the firing trigger 1 4 may be 
I to advance cutting element 11 through knife 
channelB 26. 20 to cut engaged tissue be t ween the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 2S to advance drivers 24 to toe stap le s 1 7 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to w%m coagulation ines formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tagitudinaSy double rows on each aid* of *i» cuttino 



2. The control device of claim 1 , 
ance measuring cscuftry includes: 

a first device for determining the minimum 



first device for 
l a tunc- 



non cm sen nwwnum 
• thiKte^MD*to 
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anca values to said la/get impedance value and for 
generating a signal ndcatmg whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

A control device adapted to be coupled to an energy 
source for providing electrocurgical energy to tissue 
to be treated, the control device comprwg: 

a first input for receiving at least one of a first 
signal representative of voRage delivered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input for receiving a thvd signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined from the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, the fourth signal 
corresponding to decked energy output for the tar- 
get load impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 
impudence; and 

control the energy source to bring electrosur- 
gieal energy delivered by the energy source to the 
target wfthtn a rang* ol desired energy output based 



is 



70 
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trades adapted to contact tissue to be treated and 
to cause electros urgrcal energy to be conducted 
between said electrodes through said tissue; and 

a control device according to any one of claims 
1 to 5. 

wherem the control device is adapted to con- 
trol the output of said electrosurgical energy 
between said electrodes. 

8. An electrosurgical device tor treeing tissue dtmng 
an electrosurgical procedure, the electrosurgical 
device comprising: 

etectricafy isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosurgical energy to be conducted 



an ele ciro s u rqic n l energy source for providng 
said ele ct ros u rgi caJ energy to said electrodes; and 

aconttoide^ 
1 toS. 

wherein said control cfevice is ananged to con- 
trol the output from said electrosurgical energy 
source to said electrodes. 

9. The electrosurgical device of claim 7 or 8, where«n 
said first electrode » located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 



4. The control device of claim 3 which includes a com- 
parison c%vice for comparing sad fourth 
resehtattve of desired energy output, toatleastone 
of said first and second signals, said comparison » 
device being adapted to provide a control signal lor 
I energy source. 



10. The 



device of claim 9, wherein said 
located on the, other one of said 



6V The control device of claim 4. wherein said control. 
- signal represents a difference between said fourth 
signal and said at least one of said first and second 
signals. 



A generator for providing electrosurgical energy to 
an electrosurgical device, said generator comprts 

ing: 

an electrosurgical energy source lor providing 
eiectrosurgicaJ energy to said electros urgtcal 



11. The electroeurgjcaJ device of claim 9. wherein: 

said . first and second elements each com* 
pnmm^ an interlacing surface for engaging tissue to 
be eiectfosurgxatty treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interlacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 



- 45 



a control device according to any one ol claims so 
l to5. 

wherein the control device a arranged to con- 
trol the output of said energy source. 

7. ~ An electrosurgicaJ device for treating tissue during 55 
a surgical procedure, the electrosurgical device 
comprising: 

first and second ©lac- 
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